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ON   Tin:   REACTIONS    OF   DIAZOALPCYLS 
TJ^ITE   URAZOLES   AKE  TKEIR  RALTF  . 

VariouB   theories  have  been  proposed  to  ac- 
count for  the  phenorj.ena  of  tciuton.erisru.      Ariorig  these 
shoulu  te  zi.entioned  those   of    Gor-stock"^,    V'heeler    ,    Nef    , 
and  Miohael'*.     One  necessary-  fact  which  all  these 
theories   have  attempted  to  explain   is  how  t;vo  or  more 
stable,    isoi:.erio  products   can  be   obtained  by  the   action 
of   a  reagent  on  the  tautoir.eric  substance.      The   various 
explanations   given  are   ver:^  helpful  and  suggestive,    al- 
though not   necessarily  in  their  final  state   of   usvelop- 
liient    if   cor-sidered  in  the    light   of    the    large   aruount   of 
quantitative   data  accumulated  in  this    laboratory  in  con- 
nection v;ith  the   tautomeric  urazoles  and  their   deriva- 
tives.     It   appears  that   ir.  all  cases  in  which  these 
urazoles   or  their  salts    give   two   or  s.ore    stable,    isor.eric 
products    as    the   result   of   a  reaction,    they  do  so  because 
they  exist,    (A)    in  one    tautor..erij  fori;,  alone   which  yields 
two  or  luore    derivatives   through  inu-epencient  side   reactions  ; 
or    (B)    in  two   or  iiiors    foruiS    in  eciuilibriui"::,    each  of  vrhich 
gives    its  own   dsrivative  through  an  indepencient   reaction. 

The   follo'.ving  ".-ork  was   started  v,'ith  the    idea  of 
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dstem-ininr,    if  possible,   whether  such  substances   as 
l-phen^^lurazole ,    l-phenyl-.2-r;:eth3'-luraiiole  ,    l-phen^^l- 
r3-etliylurai:ole,    l-phen3'-l-d— r.eth3^1ura2:ole ,    and  1-phenyl- 
5-thiorr:ethyl-5-ox3mrazole  exist   in  only  one  fomi,    or 
are   really  mixtures  of  two  or  v.oxe   tautoir.eric  foiT.:s 
whioli  establish  the  equilibrivji:  so   v^uickiy  ut   oruiuary 
temperature   that  this   rapia  change    is  net  ohovm  by  the 
reaotioi:is    ox  :..ethod3   used  previous  iy. 

The  faot'''  that   the   sodiur:.,    potassium,    ziixC, 
cobalt,   nickel,    anu.  i..aiiganese  salts  of  the    l-phen^ri- 
4-i;nethylura5iole   give,    v.hen  treated  vvith  alk^^l  halides, 
about   the  saL.e   ratio  of  ?'I-ester:0-GSter,    .yhils  the 
silver,    lead,   anu.  :..croury  salts   give   a  hi{];her  proportion 
cf   0-GSter,    very  properly  su::^eBt3   the   question  v:hether 
(a)   each  salt  e-xists   in  only  one  foni.  which  yields,   when 
trsatea  'vVith  alkyl  halides,    the  t-^^o  esters  by  indepenoent 
siae   reactions,    the   velocity  constants  of   v.-hich  vary  with 
the   salt   and  alkyl  halia.e;      ox    (B)    each  Salt    is    really  a 
mi:-:ture   of  two   or  Kore   forras,    the   equilibrivjii  conditions 
of  -.vhich  r.:.ay  or  i-ay  net   vary  i/ith  different  salts,    and 
may  or  may    not   i..if  fer  fror..  those  of  the    corresponding 
acivuP;      such   differences   would  perhaps   necessarily   cause 
the    different   rc.tiot"    of  esters   actually  obtainea. 

The  slcv:  alk3^1c^tion   reactions    ana  the    con- 
ductivity^ ::.ethcds  used  up  to  this  tii-js  sheu.  no   light   on 
this   viuestion,    as  the   differences    in  esjiilibri-uiii   cor.di- 
tions   may  be   too  small  ana  the    change   too   rapiu  to  be 
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E-.ecvSured.        If,    hov/ever,    the    c.cid  be    liber:ited  fror:.   its 
sdlt   and  alkylate..^  at   onoe;      and  the   ratio  of  estero 
obtained  in  this   way   be    couipured  with  that    obtained  from 
the   acid  ^lone,    evictenoe   should  be   obtained  concerning 
the   probability  of    (A)   or   (B),   provided  a  sufficiently 
lev;  teuperature   and  a  preset ioally  instantuneo-u3    alkyl- 
atinr;  a:jent   be   employe:..      Tho    viiazoalkylc    react  very 
rapidly  with  theee  uraaole   c^cids,    and  ^ive  a  iiixture   of 
N-  and  0- esters   which  can  be   isolated  and  analyzed. 
Nirdlin^er     has   shov.'n  that    l-phenyl-2-E;ethylurazole 
yields   a   constant   ratio   of  esters  even  ivhen  varying 
noleoular   concentrations    of   diazoalk^'-l  are  used.      Then 
l-phenyl-^-Kethylurazole    is    liberated  fror.   its  salts   by 
the   action  of  alcohol  or  h3'-dro chloric  acid  in  the  pres- 
ence  of  a  diazoalkyl,    hov:ev9r,    a  ratio   of  ?!-ester:0-ester 
is    obtained,    vrhich   is,    in  fact,    different  fror.   that 
forr.ied  when  the  urazcle   acid  alor.e    is   alkylated  under 
the  Bar.e   conditions   of  ter.iperature    and  solvent.      But   if 
this   sarae    liberated  urasole  acid  is    alloYired  to  stand 
about    15  seconds,    and  is   then  treated  ?;'ith  diazoir.ethane^ 
the   ratio  of  esters  obt:^ined  is  the  sar.e   as    that   forr.ed 
froia  the   acid  alone  ■'onder  the  sar.ie    conditions.      Chan.^e 
of    concentration  of  the   ur:-.2ole   acid  or   diazoalkyl   does 
not    change   the   ratio  apprecicibl3'-;    the  hydrochloric  acid, 
furtherraore ,   effects  no   change   as    is   sho"m  in  the  ex- 
peTir.:ental  portion.      These   facts,    in    connection  v/ith 
those   already  published  ,   seer;  to  excluds  the  possibility 

1.    Eer.    d.    Cher;..    G«s  . ,    41,    5199. 


(O 


(A)   tlic*t  tlis  uraiiole     aci.^  ^nu.  G:..lt  have   onl^^  one 

tu-utoinerio  f  orr.. .      ?he   only  other  -.-iucstion  to  be    con- 

Bi^ereu  in  this    ccnriOotion  is  whether  both  the   ior^ 

:>ii^-.oii>,    or  sore    oc:..pla:c  salt^  Lay  reuot    .vith  the 

dic^^oius thane  . 

R  IIK  +   CH;.lT.j  >     R  i:CI~l5   +  N^ 

_        + 
n  II  +  H  +  CH  .i'lp     — >     H  I'CI^z   +  Wo 

E  ICI-n   +    OH^II^   ¥     K  11011^+  11;^    f  S 

7.e  n.ust   consiucr  the  poBtiibility  that,    at   the  very  nioiuont 
ox   the    liosriaticn  of  the  nra^ole   uoio.  f roin  the   Sti.lt,   the 
few  rr.olecules  of  auiv^  present  may  yield  one   ratio  of 
esters,    ana  the   ions   of  the   aoiu.,    ivhioh  are   in  great 
r;-.a;^ority,   r_ay  yielu.  another  ru-tio  of  esters;      vrhile   the 
iorxS    of   the   ura^ols   aoia  are    joi-ibinir.^  to   forr;;  the   un- 
ionizeu.  uraiiole   ajij  we  should,   therefore,    obtain  u 
ohaxi^in^  Xc^tio   of   esters.      It    .vouii...  Beeiii  probable,   ho'.v- 
ever,    that  vvhen  the  hy'droohlorio  aoiu  is  ad^eu  to  the 
ura^ole   salt,    the    ior.s    of   the   ura-:.ole    auid  '.voulu.  oo.  .- 
bine   praotiualiy   instantaneoiioly,    ana  hen oe   ^^ive   the 
n.oleoular  fcrii:  whioh  woulu  vie  la  the  6a2;:e    ratio   of 
esters  vthioh  we   cbtainsa  from  the   aois*  alone.      But   n.y 
experii:.ents   uo   not   ij>iv6   absolute  evidence   on  this  point, 
and  until  I   can  oonplete    certain  ?;ork  nov/  planned  we 
must    leccvs   this   poesibilit]'-  open  to   '^puestion. 

In  general,   ho^.evsr,   all  the   eviosnce  at  hand 
shovvs  such   ionic   chanties   to   be   practically  instantaneous    , 


1.    Seit.    f.    Eleic,    14, 


un^  -this    coi.oepticn   CA)  £eei..i3  less   likely  tHan  the 
UU3S    (B)    '■.■hid'i  I   shdll   nov;   .disc-ass. 

Althoush  the   ri^tio  of  isoi-.erio  esters   obtc^inSv. 
by  the   t.otion  of   diaiiousthane   does   not   repxeBent   the 
xcitio  of   the   t;;o  tautouers   in  the   original  aubstunoe, 
the  3ca..e   rcitio  should  oe   obtdineu.  f  ror.  the   uoius   or 
scilts    if  the  eLi..ilibxivuv    v;ere   the  s^i..e   in  eaoh.      The 
dcia  liberatea  f  roru  the   salt   ana  allcweu.  to  btan^^  ^ives 
the   saLS   ratio     IT-ester :0-ester  as   the   aoia  alone.      Yaaen 
the   acici^liberatea  and  the  diazoEethane  adusa  CiUioiiiy, 
vje   get  w.  rc.tio   inten^eaiate  bet.veen  that   obtained  f  roi;: 
the   aci^  liberateu  f  ror.  the   salt   in  the  presenoe   of  the 
dia^ioiae thane,    an^  that    cbtainsa  fro^:  the   uraiiole    aoiu 
alone.     YJe  L.ust    oonclaae,   therefore,   that  the   salts  of 
l-.phsnyl-3-r:iethylurai;ole  have   an  equilibriuru  constant 
v/hioh   ..infers  fro:.,  that   of   the   l^-.-hsnyl-S-ii-ethyrarazols 

itself. 

The   l-phsnyl-'i-ii.ethylara2ole   and  diazoruethane 
give   about   e^iual  ai^oants    of  II-  an..  0-osters.      Its  salts 
saeni  to  have  the   sai^e   or  very  ne;.rly  the  Sc.i..e   eciUilibriLa. 
constar^ts   as  the   free   aoia.      The   tv;o  tautoi-.Gric  for^^    in 
this    case   are  c.uch  ir.ore  sensitive   to    changes    in  solvent^ 
or   concentration  and  teinrjerature  than  the   1^3)henyl- 
^nethylaraiiole  .      l-phenyl-S-ethyiurak:ole   and  1-phenyl- 
o-thioL'-sthyluraaole,  Tvhen  alkylated  with  diazonethans, 
give   ratios   of  rl-est6r:0-eater  v/nioh  are  practically 
the   saiue   us  those   obtuineu.  when  the   acids  are   liberatea 
froL.  their  souiuu  salts   in  the  presence   of  v.ia2or..ethane . 
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All  tlie    suits   of   l^phenyl-;c;-i!:etliyluru^ole 
invey-tioutevi  (the   eov-liui:,    ziinc,    ana  silver)    ^ive   pxact- 
ioclly  the  sacs   ratio  of  :T-c3ter:0-ester  v/hen  trecxte^ 
with  hyurochloric  iioid  in  the  presence   of   diazoi-iSthand . 
ThiB   shows   the   eiiuilibri-u:^  oo/-£t^i-.ts  to  be  approxiu.ately 
the  Bui^ie  for  ull   of   these   Salts,    ^.s  previously  states. 
The  silver,    leau  on.,  nercjury  salts,   hov;ever,   \vhen  traatea 
with  Liethyl  ioaiue   ^ive   a  r^uch  higher  psroenta^^e   of 
O-ester  thiinUhe   other  salts.      Thess  salts,   hov/ever,    are 
onlv  Glii^tly  soluble   in  the   aloohol-water  ruixture  useu. 
It  tiight  be  possible  that  this^^vjia^\  uue   to  the   f^ot   thut 
in  one    case   the   salts   are  usea  in  hetero^enaou*^   iidxture, 
while   in  the    other  in  hoi^o£,6neous  ri.i:d:ure .      But    I  huve 
novv  foun^L  that   the  silver  salt   t,ivcs   appro:ii:^atsly  the 
BoJ..e   ratio  "-estsriO-ester  v/hether  sus-penosd  or   dissolved. 
This  n.ay  be    aue   to  the   fact   that  the   ions    ana  luols      ^rc 
concernsa  in  the    reactions   to   different  eictents   for  the 
^f  fersnt  Salts,    -*/«  eviaence  for  v:hich/na5   been  obtainea 
by  ITirdlinger,   Ho^^ers,   Robertson  anu  L^yself   with  other 
coi^pounaf:^ . 

If  there   are   tv;o  tautoiueric  forr..s   in  eiiUilibriun 


c  a 


R  OH     <— »     RO   +  H 
d  b 


we  must   consiuer  v/hether  the  luols     or  ions  or  both  react 
with  the   alkyl  hali'Jes   or  diazoalkyls  .      v:e  have   already 
aiscussea  the  possibility  thc-t   in  the    conoentratea  solu- 
tions   of  the  ura^ole   salt  the   acid  present   due   to  hydrolysis 
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may  liave  a  ratio  of  ions   and  also  of  the  molecular  forniS 
which  differs  frou.  that   of   the  acid  alone.      If  this   holclP, 

then  the    change   in  the   ratio  of   esters   discussed  a'oove    is 

at   once    clear.      But   if  such  an  abnorinal  hydrolysis    is    iL.- 

B.R 
possible,   as  both  A.   A.   Koyes  and  Tr. ^Turner  believe  to 

be   the    case    ,    then  we  must   look  to  the   differing  velocity 

constants  of  the   reactions  betv;een  the  molecules   and  the 

ions   of  the   two  tautor-.eric  urasoles  with  the   diazoalkyi. 

This    is  at   once    clear   if   '.ire    consider  the    above   equations. 

n 

If     T  =  Kr-     represent  the  nonLal  equilibriiaa  constants, 

K  may  be  etiual  to,    less   than,    or  ^^reater  than,   unity. 

If  K  =  1,   then,  obviously,   the   sarae   ratio  of  esters  must 

alv;ays   be   obtainea  from  the  urazole   acid  alone,    or  from 

the  urasole   aciu  produced  by  the  hyaro lysis   of  the   salt, 

or  by  the   action  of   hydrochloric  aoia  on  the    salt.      This 

is   true  whether  the  mo  Is      or  ions   of   the  ura:iole   acia 

react  with  the   diazoalkyi,   provided  that  the    change  from 

the    ionic  to   the   L.olecular  foni.s    is   practically   instant- 

aneoTiS   as   ais cussed  above  .      This    case  seems   to  apply  to 

l-phenyl-4-methyrarazole ,    l-p.hsnyl-ki-ethylurazole ,    ana 

l-phenyl-5-thiolmethylurazole  . 

%9n  the   other  han^l,    as  seems   to   oe  probcible   with 

l-phenyl-k^-methylurasole,    the   Rl^  aciu  is   weaker  than  the 

ROH  aciu..      V^en  the   salt    is   treated  with  hycjrochloric 

acia,    the   ratio  ^=^  formed  by  the   sudden  union  of  the 
ROH 


1.      I   am  inuebtea  to   both  of   these    colleagues  for  many 
valuable   suf:- est  ions    in  this    aiscussion. 
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practically  only  the  ii.o1b   of  the  ura^^ole   furniah  the 
esters,   we   should  expect  to  obtain  a  ratio     N-esteriO-ester 
smaller  than  the  norr/ie.l  one,    if  this   solution  is  treated 
•/;ith  diazoLie thane   before   the   tautoii-ers    change    into  the 
nomial  condition  of   equilibrium.      This    is    actually  found 
exper  anient  ally  to  be  the    case.      If,    on  the   other  hand, 
the   acidified  solution  is   allovfeu  to  stand  15  secondg 
or  more,   the   tautoiLers    change   into  the   nom;al  state  of 
etiuilibriuiu  and  the  noriial  ratio  of  esters  is   obtainea. 
The   abnormal  ratio  of  esters   obtained  from  the    diaao- 
alkyl  and  the  urazole   salt   may  be    due  to   the  hydrolysis 
of  the   salt   ana  the   inmediate   reaction  of  the    liberated 
(molecular)    aciu  with  the    diazoalkyl  present,    or  may 
bs    due  to  the   reaction  of  the   ura^ols   ioni:^   or  undis- 
sooiatea  saltsv/ith  the  diasoalkyl,   the   alcohol  furnish- 
ing the  hydrogen  ions   i-iecessary  to   give   a  u.ethyl  ester. 
IJeither  explanation  is    the  more  probable    in  viev;  of   the 
fact   that   Kirdlinger     founa  that   a  mixture   of   the 
urazole   acid  aiiu  the  urazole   salt  yielus^   a  ratio  of 
esters   (90:10)    intermediate  between  that   from  the  acid 
alone    (94:6)    and  that   obtained  fror.:  the    salt    (87:13). 


1,      Amer.    Chem .    J.,    4o,    575. 


EXPERIMENTAL, 

Phenyluraaole .-     This  was   Hiade  aocorciing  to 
the   method  ciescrioeu  by  Aoree    .      It   liieltej.  at    »365l365° 
w  it lio ut    de  coiipos  it  ion . 

Phenyl- £^18eth3'-lurazole  .-     This   was  made  as 
tJescriloeu.  by  Uiru-lin^er  and  Acree*^.      A  seoona  lot  was 
made   froiu  phenylurazole   and  di-aethyl  sulphate^. 

Phe ny l- 4-rae t hy lur aa o le  . -     This   was   son.e  which 
had  been  previoixSly  made  by  Dr,   J.  II.   Johnson. 

ALKYLATIOIIS   OF  l^PHEFYI^^-LiETHyLURAZOLE 
WITH  DIAZOMETHAIIE . 
Alkylations   of   l-phonyl-^i-niethylurazole  were 
carried  out   by  Nirdlinger'*  ana  the    constanoy  of  the 
ratio   N-estsr:0-e3ter  with  varying   aiv.ounts   of   diazo- 
c.sthane  shovrn.     His   work,   hov/ever,   was    ca.rriea.  out   at 
rooii:  temperature    (about   2E°)  .      So   it  was   neoessary  to 
see   if  the   ratio     K-ester:0-ester  was    constant  with 
change   of  teir-perature  . 

The  n.ethou  usea  in  the   followins  experi:..3nts 
was   siiiiilar  to  that  used  by  Niralinger.      It   is    described 
in   detail  further  on. 


1.   Amer.    Chem.   J.,   38,    56. 
<i.    Ibid.,    43,    368. 

3.  Ibid.,    o^,    133. 

4.  Ibid.,    43,    o7Z. 
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Experitnent   1.-     20   cc.   of  ethyl  alcohol  con- 
taining 0.200  gram  of   1-phenyl-a-nethylurazole    and 
50   CO.   of  ethereal  diaaoniethane  solution.      Teiip.   0«. 

Conc.diazo   sol.        Weight   of       Y'eight   of     Per   cent.    Per   cen- 
Vol.   N.  Total  Prouuct     ll-ester         IT-ester       0-este: 

0.C087  0.0488  0.0462  94.6  5.4 

0.0174  0.0951  0.0905  95.1  4.9 

0.0264  0.1746  0.1556  93.7  8.3 

0.0348  0.2135  0.1998  93 . 1  6.9 


LIean,K-ester  =  94.1. 
Ilean,  0-este r  =     5.9, 


Ratio  "-ester:0-3ster  =  15.9 


Experiiv.ent   ^.-      13.3    co.    of  ethyl  alcohol  con- 
taining 0.100   grai..  of  l-phenyl-2-iiiethyl-ura2ole ,    oO   cc.    of 
ethereal  diazomethane  solvation,    and   1  niol.   hydrochloric 
acia  in   1.7    cc.    alcohol.      Ten.p.    0"^. 


Cono.diazo  sol.        Y,'eight   of       Tneight   of     Per  cent.   Per   cent. 
Vol.   H.  Total  Product     N-ester         il-ester       0-ester 

0.0174  0.0470  0.0462  98.2  3.S 


Ezperjjrr.ent  5.-  20  cc.  of  ethj'-l  alcohol  con- 
taining 0.100  gram  l-phenyl-2-nethylurazole,  20  cc.  of 
ethereal  diazoniethane  solution  added.      Ter;p.-70°. 


Cono.diazo  sol.        Teight   of       Weight  of     Per  cent.   Per   cent, 
Vol.   K.  Total  Product     xl-ester         Il-sster       0-ester 

0.0174  0.0993  0.036  94.2  5.8 


ALKYLATIONS   OF   1- PHENYL- 2-METHYLURAZOLE, 

LIBERATED  FROM   ITS  SOEHJII   SALT   BY   ALCOHOLIC 

HYDRO CKLORIC  ACID,    WITH   DIAZOIIETHAHE . 

All  ether  \iS8a  was    dried  with  sodium  wire, 
and  the   ulcohol  with  lixiie   and  reaistilled.      The 
alcoholic  hydrochloric  acia  was   made   by  the  method  of 
Acree   and  Brunei   .      The   diazomethane   was   made   in  the 
usual  way  from  methyl  nit roscuvs thane   as   described  by 
Von  Pechmann'^.      The  ethereal  distillate    containing  the 
diazomethane  v;as  made  up  to  a   definite   volui..e,    an 
adequate  portion  pipetted  out,    and   its  strength  deter- 
mined.     In  all  the  experiments,   except   a  few  of  the   last 
ones,    this    v;us   accomplished  by  titration  with  n/10 
ethereal  ioaine  solution   anu.  aqueous   sodiur.  thiosulphate , 
This   methou,   however,    as   shown  by  the    authors   else?;h8re, 
^ives    resulte  which  are   always   too  high  in  expressing 
the  strength  of  the    diazo  solution.      A  method  was   then 
devised  which  consists   of   letting  the    diazo  solution  act 
on  a  xveighed  amount   of  Boir.e   organic  acid  dissolved  in 
ether,    diluting  with  water  and  detem.ining  the   excess  of 
acid  with  standaru  bariiim  hydroxide  solution  and  phenol- 
phthalein.      This  method  is   accurate   to  2  or  Zfo  and  is    de- 
scribed in  detail  elsewhere"^.      It   is    also  there   shovm 
that    diazo  solutions    decomposeH^  rapidly  on  standing, 
probably  acting  with  some   alcohol  obtained  as   an  impurity 
in  their  preparation.      The   procedure   adopted  in  the 


1.  Amor.  Chem.  J . ,  36 ,  117. 

2,  Ber.  a.  chem.  Geo.,  27,  1888;  28,  855. 
5.   Ber.  d.  chem.  Ges . ,  45,  2523. 
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e:^eriiiients    was    as   follows:      One   tenth  of  a  gxz-d.:  of  the 
sodium  urv-.aole  salt  was   weished  out   in  a  sn.all  Erlen- 
n.eyer  flask,   holdinr  about   75  cc,    and  d.is solved  in 
18.3   00.   of  alcohol.      The   diazo  solu-tion  of   rec^uired 
concentration  was   then  placed  in  a  sin.ilar  flask.      In 
these   experiiisnts   the  flasks   were   placed  in  a  mixture 
of  water  anu  ice,    ana  after  the   solutions   were    coolea  to 
0°,    the   diazoMthane  was    added  to  the  solution  of  the 
uraiiole.     One  nol.   of  c^lcoholic  hyo.ro chloric  acia  in 
1.7   cc.  waii   then  quickly  addea  to  the  ndxture  froi-^  a 
pipette,    ana  the   whole   ;vay    shaken  thoroughly.      The 
different   reactions   taking  place  here   accc-unt  for  the 
si-cli  an^  son.etiLeB  varying  yielv.  of  esters   obtained 
under  apparently  siudlar  conditions.      The   aiaaoi-.ethc.a6 
ana  the  hyv,a'o chloric  acid  react  to  foru-.  methyl  chloride; 
the  hydrochloric  aciu  reucts   on  the  ura-ole  salt, 
liberating  the   free  ura^ole   aoid,    which  then  reacts   v;ith 
the    diaso: .ethane   to  fonr    a  ii.ii:ture   of  II-  ana  0-esters. 
Althou-h  the  e.^perir.ental  conaitions   are   apparently  the 
sa]:e,   the    chances   take  place  so   rapidly  that^  before 
iiii:sin£i  is    oor;.plete,    the    diazon.e thane  probably  reacts 
with  the  hydrochloric  acid  nearly  to   the   e:icruSion  of 
the   fort.ation  of  urazole  esters.     Special  experin.ente 
with  hydrochloric  acid,   urazoles,    and  diazoalkyls  support 
this   view. 

The   flask  containing  the   ether-alcohol  solution 
wOt.Ktt cached  to  a  condenser  and  the   solvent   distilled  off 
carefully  on  the   water  bath.     Brr.all  capillary  tubes 
sealeu  at  both  ends  were  used  succeBtfully  to  avoid 


(lo) 


bumping.      V.heii  only  Z  to   10   cc.   of  solvent   rerr.ained, 
this    was    trcinsferreu.  cy  iaeans    of    ohloroforrn  to   a  srtall 
eztrc.Gtion  fvaiiiel   containing  a  few    droX'&    of   alkali. 
The   ester  v.'cjs   then  extractsu  with  six  portions   of 
ohlorofor:]:,    trari;3ferrea  to   a  vveij^hed  dish,    ana  the 
ohlorofom.  evaporated  of  f  as   already  describe  a.       The 
dish  Wc^    then  uxied  to   constant  v/eight   in  a  vacuum 
uesiccator   containing  sulphuric  acid  ana  -parciffin.      After 
the   ester  was  weighea^  it   was   transferrea  v.ith  chloroforjL 
to   a  tube,   hyarolyaeti,    and  the  Il-ester  dsteriuiried  as 
aescribea  by  Brunei,   Johnson  an^.  ITirulinger. 

The  experiments   at   low  temp.erature  v/ere 
carried  out    in  the   same  manner,   only  Lewar  bulbs   v;ers 
used  containing  a  mi:iiture   of  solia  carbon  dioxide  and 
ether.      The  teiirrerature  was  measured  with  a  pentane 
theri.oL.eter,    ana  averaged  about  -70°. 

Ezperix.ent    1.-      16.5   cc.    of  ethyl  alcohol   con- 
taining Q.'dOO  gram  sodi-UD:  salt   of  l-phenyl-£-methylurc.sole, 
50   cc.   ethereu.1   djaaomethane   addeu,    and  then  1  mol.   hy^-LTo- 
chloric  acid  in  5.5   cc.    alcohol.      Ter. p.    0°. 

Conc.oiaao  sol.        Weight   of       YJeight   of     Per   cent.   Per  cent, 
Vol.   1^  Total  Product     I'-cster         Il-octer       O-ester 

.0248  0.0435  0.0375  87.7  13.5 

Ratio     l-l-ester:0-ester  =  7.1 


.    Ber.    .J.,    chem.    Ges.,    41,    3222;    An.er.    Ghem.    J.,    4£,    358. 
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Experinisnt   2.-      13.5    co.    of  ethi'-l  alcohol   con- 
taining 0.100  gram  sodivui;  salt   1-phenyl-c-ineth.ylurazole  ^ 
c-O   CG.   ethereal  diazon.e thane  solution  adCied,    and  then 
1  i:.ol.   hyorochloric  acid  in   1,7   oc.   alcohol.      Tsiii-c.   0°. 


Conc.diazo  sol.        Tei^ht   of       Viei^ht   of     Per  cent.   Per  cent. 
Vol.   K.  Total  Prou.uct     N-ester         IT-ester       O-ester 


.0174 

O.OioSl 

0.0247 

84.8 

15.2 

.0543 

0.03:^5 

0.0275 

84.6 

15.4 

0174 

0.0509 

0.0271 

87.7 

12.3 

E:cperiinent  5 .-      16.5   cc.    of  ethyl  alcohol   con- 
taining 0.100  graii:  of  sodiun.  salt    of    l^phenyl-2-i.iethyi 
urazole,   50   cc.    diazoii-e thane   added,    and  then  2  mols  .   hydro- 
chloric acia  in  3.5   cc.    alcohol.      Tecp.    0°. 

Concoiazo  sol.        ?:"ei^ht   of       VvCi^ht   of     Per  cent.   Per  cent. 
Vol.   IT.  Total  Product     lI-eBter         I'-ester       O-ester 

0.0174  0.0141  0.120  85.1  l^i.S 

ExperiD:ent  4.-     IS.  14  cc.   ethyl  alcohol  con- 
taining 0.100  grar.  sodiun;  salt   l-phenyl-2-i;:ethylurazole, 
30   cc.   ethereal  diazoLuethane  solution  added,    and  then 
1  1..0I.   acetic  acid  in  1.8S   cc.   alcohol.      Ten.p.    0° . 


Conc.uiazo  sol.        V7eig:ht    of       Weight    of     Per   cent.    Per   cent. 
Vol.   K.  Total  Product     K-GSter         Il-ester       O-ester 

0.0545  0.0360  0.0317  88.2  11.8 


ExperiL.ent    5.-      18.5   cc.    ethyl  alcohol,    con- 
taining 0.100  greaii  sodiuif.  salt    l-phen3'-l-<o-r.eth3'-lurazole, 
treateu  v«'ith   1  i:.ol,   hydrochloric  acid  in  1.7    00.    alcohol, 
then  iiiimediately  with  30   cc.   ethereal  diazome thane 
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s 0 lut ion.      Ter.-.p .    0 ^ 


ionc.uiazo  boI.        V/eirht   of       l^eight   of     Per   cent.    Per   cent. 
Vol.   K.  Total  Product      i:-ester  :i-cster        0-cster 

0.0174  O.C75S  O.OSSl  91,0  S.O 


Ezper lucent    3.~      18.5    co.    of  eth.^'-l  aloohol,    con- 
taining 0.100  irx'uhi  sodimr.  salt   of  l-phen3'l-Ai-r;.etli3'-lura2ole . 
treateo.  'with  i  n-ol.   liyd.ro chloric  acid  in  1.7    cc.   alcohol, 
anu.  then  iBn.ediately  v;ith  30   cc.   ethereal   di  a  zone  thane 
solution.      Ter:-.i:.    0^ , 


Conc.dicizo  sol.        Wei^jht   of       \'Iei^ht   of     Per   cent.   Per  cent. 
Vol.   ii  Total  Product     F-66ter         K-ester       G-ester 

0.023i  0.0635      0.0571       91.9      8.1 


FroL.   last  two  exTjerinents: 

Ave  rase  jiex   cent.   K-ester  =  91.5 
Avera^^e  per  cent.   O-ester  =     8.5 

Ratio  i'-eBter:C-ester  =  10.8 


Ex£eriL_ent_7 .-      18.3   cc.    of  ethyl  alcohol,    con- 
taining 0.100   ivrtai'.  of  sodimi:  salt   of   l-phenyl-£-nethyl- 
urazole.treatea  with  one  i..ol.   hyarochloric  acia  in 
1.7    cc.   alcohol,    ana  then  after  30  minutes  v;ith  30   cc. 
ethereal   di as orce thane   solution.      Tei.ip.    0°. 

Gonc.cdazo  sol.        Weight   of       Weight   of     Per   cent.   Per  cent. 
Vol.   il  Total  Product     H-ester         "i:-ester       O-cster 

0.0174  0.0758  0.0733  94.1  5.9 

Ratio  IT-ester:C-ester  =  15.9 
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Experii:.ent  S .-      18.5   cc.    of  ethyl  alcohol,    con- 
tainiri-  0.100  grarr.  of  sodr^Jc:  salt    l-phenyl-a-methylurazole , 
k.G  cc.   ethereal  aiasoB.ethane   added,    and  then  1  1..0I.  hydro- 
chloric aciu  ill   1.7    co.    alcohol.      Ter.p.   -70". 

Gonc.diazo  sol.        ^el^M   of       \?ei^ht   of     P^r  cent,   ^^r  oent, 
Vol.  i^.  Total  Product     K-ester         iv^-ester       0-ester 


0.0^62 


0.0680  0.0600  88. 2  11.8 


Ex£eriiaent_S_.-      18.3   co.    of  sthyl  alcohol,    con- 
tainin^s  0.100   graiu  of  soaiia^  salt    of   1- phenyl- ^-me thy i- 
-urazole,    1  mol.   of  hyarochloric  acid  in  1.7   cc.    alcohol 
added,    and  then  JE-r^eo. lately  ^0   co.   ethereal  diai;oB..ethsJie 
solution.      Tei.p.   -70°. 

Conc.aia^o  sol.        T??eight   of       TSeight   of     Per  cent.   Per  cent. 
Vol.   K  Total  Product     K-ester         N-ester       0-ester 

o.oaes       0.06S0    0.0570     91.2    8.1 

Experiment   10.-      18.3   cc.   of  ethyl  alcohol  con- 
taining 0.100  grcx:   of  sodiuin  salt   l-phenyl-S-niethylurazole , 
1  mol.  hydrochloric  acid  in   1.7   cc.    alcohol  added,    and 
than  after  15  seconds,    20  cc.   ethereal  diazomethane 

solution.      TeLa).  -70°. 

eono.dia2:o   sol.        Veight   of       l^eight   of     Per   cent.    ?er   cent. 
Vol.   N  Total  Proauct     il-ester         I^-ester       0-ester 

C.036^  0.0771  0.0730  94.6  5.4 
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ALKYLATIOKS  OF   l-PHEML-S-METHYLUR/.ZOLE, 
.    LIBERATEE  FHOM   ITS  SODIUl.^   SALT 
BY  ALGOHOLYSIS,    WITH   EIAZOlu'ETHANE . 

In  a  preliiriir-ary  ex-perir-ent   sonie  soaix-ni  salt 
(about   0.100   grco:.)   v;as    dissolveu  in  20   cc.   ethyl  alooiiol, 
treateu  with  ethereal  diazome thane  solution  and  allowed  to 
stand.      The   ether  and  alcohol  were   aistilled  off  and 
reaidue  extracted  with  ohloroforni  in  the  usual  i:7ay; 
0.0c>7a   graL.s   of   total  proauot  was    obtaineu,    and  gave   on 
hydrol>-sis   0.02k!5  srarc  nitrogen  ester,   showing  a  ratio 
K-ester:0-estsr  of  87  .o:  1<>.7  .      The   most   probable   e:':plana- 
tion  is   alcoholysis   of  the  salt.      If  this  were  so,   the 
auiount   of  ester  should  increase  with  tine  the  solution  is 
allowea  to  stand.      This    is  shown  to   be  so  by  the   following 
table.      The   fact,    hov/ever,    that   about   0.0083   grarus   was    ob- 
tained on  aistillin^  off  the  solvent   at   once  Jiight  suggest 
the  supposition  that  the  s odium  salt  was    ojr.pure,    contain- 
ing free  urazole   acia.      Son:e   of  the   salt   ^vas  extracted  with 
chloroforiu  and  l-phenyl-ii-n,ethylurak:cle   obtained.      But 
this  v;as   fo^und  to  show  nothing,   as    chlorofori:.  readily 
deoouipo&es,    especially   in   light,    into  hyeirochloric  acid 
and  phosgene  xindsr  the   influence  of  the   oxygen  of  the  air. 
However,    if  the  unextracted  salt    contained  any  free   acid, 
it  should  give   a  higher  percentage   of  l"-ester  when  treated 
with  aiaaoii.e thane   and  hydrochloric  acid  than  the    salt 
which  had  been  extracted  -.vith  chloroforii. .     The  two  speci- 
inens   were   foun,^  to  give   ratio  of  K-estsr:0-ester  identical 
within  the  experimental  error. 


Vol.II 

oftotca 

product 

Of 

N-^er 

Per   cent . 
H-eater 

Per  cent . 
0-ester 

0.0174 

0.0085 



0.0174 
0.0174 

O.Olo^"^" 
0.0184J( 

0.0^58 

as. 8 

13.^ 

0.0174 

0.0;jl£ 

0.0188 

88.6 

11.4 
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Experln-ent    1.-      i^O   co.    of  ethyl  alcohol  con- 
taining 0.100  gran;  of  Bo^*.i-uiii  salt   of   1- phenyl- 2-i:.e thy  1- 
urazole,    '60   cc.   ethereal   diaiior..ethans   solution  adaea,    and 
allov.eu  to  stand  at   rooci  temperature. 

Cone.        Weight        lf:eight 
Tiiue  jn     c 
hours 

0 

SO 

45 
20 

ALXYUTIOIMR  OF   l-PHEKYL-2-2ffiTHYLUF:AZOLE, 
LIBEPJLTEC  FROM   ITS    ZINC  SALT   BY  ALCOHOLIC 

HYEROaiLORIC  ACIC,    Y;ITH   DIAZOIJETHAIIE . 

The   iiinc  salt  was    prepare u  as    follows: 
Pure    l-p"nenyl-£-Eiethylurc2,ol8   vhxq  titrate  a  v/ith  the 
theoretical  atiount   of  pure   bariui..  hyaroxide  solution, 
using  phenolphthalein  as   an  indicator.      The  solution  of 
the   bari\i.  salt   thus  foriiied  v/as  treateu  with  the   theoret- 
ical ciUantity  of  pure   zinc  sulphate,    dissolved  in  a   little 
water.      The   barium  sulphate  v;as   filtereu.  off,    and  the 
filtrate  evaporate u  to   dryness.     The   residue  was   powdered 
anu,  driea  at   110°-115o.      It    is    less   soluble   in  water,  but 
more   Soluble    in  alcohol, than  the    corresponding  sodiiiiii  salt. 

Expsr indent    1.t-    18.4   cc.    of   ethyl  alcohol   con- 
taining^ 0.100  grail  of   zinc  salt   of   l-phenyl-S-r::ethylurazole, 
20   cc.   of  ethereal  diazoiuethane  solution  added,   and  then 


1.    Coii.bineu  ana  hydro lyzed  together. 


U2) 
1  mol.   hyurochloric  acid  in   1.3   oc.    of  alcohol.      Ten^p.    0' 


Corxc.diaiio  sol.        Wei^     of        \';siiht   of     Per   cent.    Per   oent. 
Vol.   il  Total  proauct     Il-ester  Il-oster        0-ester 

0.0174  0.095<i  0.0856  89. S  10.1 


ExperiiLent   S.-      18.4  cc.    of  ethyl  alcohol  con- 
tainins  0.100  gran,  of  sine  salt   of  l-phenyl-::-ir.ethylurazole, 
'^0   CO.   ethereal  diaaonie thane  solution  added,    and  then 
1  Eiol.   hydrochloric  acid  in   1,5   co.    alcohol.      Tenip.    0". 


Conc.diazo  £.ol.        v.'eight   of       Weight   of     Per  cent.   Per   cent. 
Vol.   11  Total  Product     Il-ester         ll-cster       0-ester 

C.0^62  0.OS46  C.0850  85.8  10.2 


Experiment   5.-      18.4  cc.    of  ethyl  alcohol  con- 
taining 0.100   gran,   of  zinc  salt   of  l-phenyl-ia-methylurazole, 
£0  cc.   of  ethereal  diazomethane  solution  added,    and  then 
1  iLol.   hydrochloric  acid  in   l.S   co.    alcohol.      Teiup.   -70°. 

Gono.aiazo  sol.        Weight   of       VJei^ht   of     Per   oent.   Per   oent. 
Vol.   I\'  Total  Product     N-eeter         Il-ester       0-ester 

0.C26S  0.0468  0.0416  88.8  11.2 

0.0262  0.0048  

ALiCYLATIOIiS   OP   l-Pi:EKYI.-2-ivIETHYLURAZ0LE, 

LIBERATED  FROLI   ITS   SILVER  SALT   BY  ALGOKOLIG 

HYDROCIlLORIG  ACID,    lUITII   DIAZOIIETHANE . 

The  silver  salt   wa3  rhade   from  the  sodiun  salt 
by   dissolving   it    in  water,    and  adding  a  solution   contain- 
in/-   the   re^iUireL.  aniount   of  silver  nitrate.      The   white 
precipitate  was  filtered  off  and  washed  with  water, 
alcohol  and  ether.      The  salt    is   appreciably  solutle   in 


(^0) 


these   solver:ts,    and  hen oe   as   Bi:.all  £u.;ounts    as   necessary 
shoul^d  be   use  a  in  washin.;,:;.      It   was   then   dris^  CiUickly 
by  T.-ressin^/fon  a  porous   plate,    and  kept   in  tubes  un- 
exposed to  the    li^ht .      In  this   way   it    did  not   oarken 
even  afterf  several  months   sjtandinji. 

The  solubility  of  this  silver  salt    in  alcohol 
was    deteiraineu.  by  shakin^v  soi..e    of   the   salt   '^vith   alcohol 
for  some   tii.e,    filterin^j;  the  solution  from  undissolved 
salt,    and  evaporating  10   cc.   of  the  filtrate   in  a  weighed 
dish.      In  absolute    alcohol  0,148   grairi   is   soluble    in  100   cc. 
or   1  part    in  676  parts    solvent.    ^0.0200   graci   is   soluble 
in  50yo  alcohol,    or  1  part   in  600  parts  of  the  solvent. 

Except   at   low  temperatures   no   results  were   ob- 
tained with  this    salt    and  diazome  thane ,    ov,'ing  to   the  fact 
that   the   diasiornethane   reduced  the   silver  salt   to  ri.etallic 
silver,    ana  sufficient  ester   coulu  not  be   obtained  for 
analysis.      At  -70°,    however,    reduction   aia  not   take   place; 
but   the  salt   was   reduced^on  wangling  up  to   room  tempera- 
ture,   by  the   excess  of  the    diazomethane .     Experiiionts   to 
get   riu  of   this   excess^ by  adding  an  excess  of  alcoholic 
hydrochloric  acid  or  acetic  acid  after  the   action  was 
over  were   successful  i.i  preventing  reduction,    but  enough 
esters    could  not   be   obtained  in  this    way  for  analysis. 

In  some   experiu.ents   only   a  fev;   milligrcu.s    of 
the  ester  were   obtained,    and  a  great  nuEiber  had  to  be 
undertaken  to  obtain  one   or  two  satisfactory  ones. 

After   distilling  off   the   mixed  solvents   the 
residue   was   washea  onto   a  small  filter  and  into   the   ex- 
traction fuiniel  by  r.eans   of    chloroform,    to   free    it    from 
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the   reduoeu  silver.      The  solution  was   ir.aOe   alkaline 
v/ith  arri.or.ia   irjstead  of  sodiuix.  hydroxide.      Soii.etiE:es 
finely   diviuSa  silver  wtis    retained  by  the    ohloroforiu, 
and  appearea  as   a  black  dust   in  the   esters   after  evapora- 
tion of  the    chlorof orrii .      This   was,   however,    retained  in 
the    dish  when  the   esters   were  transferred  to  the   tube 
for  hydrolysis,    and  its   weight   could  be   asoertainea. 

Experiment    1.-      18.4   co.    of   ethyl  alcohol   con- 
tainint^  0.100  gram  silver  salt  of   l-phenyl-:3-methylurazole, 
tiO  00.   of  ethereal  diazomethane  solution  added,    and  then 
1  mol.   hy.xrochloric  acid  in   1.4   cc.    alcohol.      Temp.   -70^. 

(tonc.diazo  sol.        T-'ei-ht   of       Fei^^ht   of     Per  cent.   Per   cent, 
^     Vol.   H  Total  Product     Ll-ester         ll-ester       0-ester 


O.OiiSS 

0.0290 

0.0255 

37. S 

12.1 

0.026^ 

0.0545"^ 

0.0500 

86.9 

13.1 

1.      This    is  the    combined  v/ei^ht   of  esters  obtained  from- 
two  sir..ilar  experiments.      In  the   first,  0.0238    L^ram  was   o'D- 
tainea  mixed  with   finely   divided  silver .      In  the   second,    an 
excess  of  hyorochloric  acid  was   aaaed  30  seconds  after  mix- 
ing the   other  materials   and  0.0125   grEun  was   obtained.      On 
vvashing  the   two   into   a  third  dish  they  weighed  0.0345  gram. 
This    fact  shows   that    the   black  substance   weighed   .0006   ^ram. 


ALICYLATION   OF   l-PHENYL-3-:iETKYLIJFJ.Z0LE, 
*       LIBERATEr  FROi.!   DOUBLE   SILTER-FOLIIIM 

SALT,    VITH    DIAZOIiETHAKE . 

This   salt  v;as   prepared  by  neutrc.lizinti  l-plienyl- 
2-i..etliylura.^ole  suspenued  in  water  v/itli  k/5  sodium 
hydroxide,    then  adding  one  half  the   theoretical  ai..ount 
of  silver  nitrate    dissolved  in  water.      The   precipitate 
first  firrr.ed  redissolveu.      The  soluticn  was  placed  over 
ni^ht    in  a  vacui-ai.  desiccator,   and  a  ^7hite  substance 
crystallized  out.      This    vvas   filtered  off,    washed  v/ith 
water,    and  driea  on  a   clay  plate,    and  then  in  a  vacuuxa 
desiccator.      This    salt   is   very  soluble   in  both  water 
and  alcohol. 

Experiment    1.-     20   cc.   of  ethyl  alcohol,    con- 
taining 0.100  grc'jr;;  of  silver-sodium  salt   of   1-phenyl- 
;j-ii:ethylurazole,    10   cc.   ethereal  uiazo^ethane  solution 
addeu,   ana.  then  1  loI.   alcoholic  hyurochlcric  acid.   Tec-p  .   0° 


Coric.dia::o  sol.        Weight   of       Weight   of     Per   cent.    Per   cent 
Vol.   N  Total  Product     ll-ester         I-j-ester       0-ester 

0.05S4  0.0506  0.0448  88.5  11.5 


ALKYLATIOi:r!   OF   l-PHEKYL-2-METHYLUHASOLE 
TTITH    DIAZOETHANE. 
The    diazoethane  was  laade   froa  ethyl  nitroso- 
UTJ thane  by  the  method  used  for  the  preparation  of  diazo- 
E.ethane-'-.      The   yiela  was   scalier  than  that   of    dia zoii.e thane  . 


1.    von  P«Ghi:ar.n,    Ber.    1.    Cher.    Gcb  . ,    Zl,    2643. 
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This    is   probably  aue   to   the   faot   that    diazoethane    cie- 
con.poses  uuoh  more   rapiuly  in  the  presence  of   vvater  or 
alcohol  than, diazoiJie thane    . 


Experiment   1.-     20  cc.   of   eth3?-l  alcohol  con- 
taining O.ICO  gram  l-phenyl-:i-E.ethylura2ole,    50   cc. 
ethereal  diazoethane  solution  aaaecl..      Temp.   0° . 

Conc.diazo  sol.        Weight   of        Weiiiht   of     Per   cent.    Per  cent. 
Vol.   1^'  Total  Product     Il-ester         K-ester       0-ester 

0.0174  0.1154  0.0779  37.5  52.5 

0.0174  0.1144  0.0785  68.6  31.4 

Average   il-oster  =  685^ 
Average   0-ester  =  53^ 

Ratio  I'-eEter: 0-ester  =  2.12. 

ALiriTLATIOKB   OF   l-?HEI.iYL-2-:iETKyLURAZ0LE, 

LIBEEATiJiJ  FROM   ITS   SOIjIU:!  SALT   BY  ALCOHOLIC 

HYDRO  CHLORIC  ACID,    WITH   DIAZOETHAIIE . 

Experir.'-ent   1.-      18. S   cc.   of  ethyl  alcohol  con- 
taining 0.100  grar.  sodiurf:  salt   of   l-phenyl-2-n;ethylurazole, 
SO   cc.   ethereal   diaaoethai-.e   solution  added,    and  then   1  laol. 
h^'-uro chloric  acid  in   1.7    cc.    alcohol.      Tei:.p.    0°. 

Gonc.diazo  sol.        "'eight   of       ^Veight   of     Per   cent.    Per  cent, 
Vol.   II  Total  ProdJict     N-ester         I'-ester       O-ester 

0.0174  0.0245  0.0152  62.5  37.5 

0.0174  0.0227  0.0157  60.5  39.7 

Average   per  cent,   i'-ester  =  61.4 
Average   per   cent.    0-ester  =  58.6 

Ratio  ll-esterrO-oster  =  1.5S. 


1.    Ber.    d.    Cher...    Ges.,    45,    ;c.32S 
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ALrlYLATIOIlS   OF   PliElIYLUFAZOLE   V:ITH   DIASOMETHAKE . 

Tiis  solubility  of  phenylurazole    in  absolute 
ethyl  alcohol  was    oetenr.ined  by  ehakiriii  an  excees   with 
50   oof.solTent,   filterir.3  and  evapo rutins  10   cc.   of  the 
filtrate   to    drynecr-    in  a  'Yeighed  dish.      10   cc.   saturated 
solution  i.ave   on  evaporation  0.070   grain .      Therefore,    the 
solubility   is   7  ^rans  for  lOOOco.   of  ethyl  alcohol. 

The  solution  of  phenylurazole   in  alcohol  was 
treated  with  uiazon.ethane,    and  the  solvent   distilled  off 
in  the  usual  manner.      The   residue,  after  trt^nsference   to 
an  extraction  funnel,  was  made   alkaline,    and  extracted  vath 
ohloroforn:.      This   extract   gave  the   amount   of  the    :li-aikyl 
products   forr:.ed.      The  solution  was   then  acidified,    and  ex- 
tracted to  obtain  the  i^ono-alkyl  aerivatives —   1-phenyl- 
a-rr.ethyl-,    l^phenyl_4-n:ethyl'j    l-phenyl-c-nethox^A-,    and 
l-phenyl-5~n:ethoxy-uraaole  .      The  percent   of  the   two 
H-esters   in  the    ubove   r.ixture  was    ^leterr/.ined  in  the  uaual 
manner  by  hydrolysis. 

20   cc.    of  ethyl  alcohol   containing  0.140   graiu 
l-phenylurazole,    1  nol.   ethereal  dia^icr. ethane  solution 
added.      Teir.p\.    C« . 

wei-ht   of       Vsi-ht   of       height   of        Per   cent.      Per   cent, 
di-alkyl         nicsnc^alk^a  aono-  nono-  ro  no- 

pro  ducts,        products.  il-esters        I.T-esters        0-esters 

0.00S3  0.0845  0.0437  50. S  49.4 

0.0085  0.0814  0.0454  55.7  44.3 

These   two   results   are  only  approximate  and 

probably  a   little    lov/,    as   it  was   found  that  the  i;.ono- 

alkyl  esters   could  ..ot   be    cor.pletely  extracted  out  by 

chloroform  even  after  ten  extractions    in  place   of  the 
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usual  five  or  2ix.  Attei.:p-ts  were  made  to  use  acetylene 
di-ohlQriu.e  in  place  of  .jhlorcfom- ,  but  r;ave  no  batter 
results.  In  general,  chloroforn,  seei;.s  to  be  the  better 
solvent  for  thece  substances.  Owins^  to  the  difficulty 
in  extracting;  the  reactions  products,  and  in  anal3'-2:in{i 
theL.,  no  further  e^cperiirents  were  undertaken  with 
phenylurai^ole   or   its   sodium  salts. 

ALir^LATIOK  OP    l-PHTr>Tyv;j_ETHYLTJPAZOLE 
OP 
TJITII    DIAZOMETHAIIE,    A!'D  ,l-PHEKYL-2-ETIIYLUFJiZ0LE 

LIBER.4TED  EROM   ITB   FODIir.!   CALT   BY  ALCOHOLIC 
HYDROCHLORIC  ACID,    V.Tm   DIAZOHETHAKE . 
The   l-phenyl-2-ethylura2ole  used  was   some   which 
had  been  previously  made   by  Dr.    F.    F.    Brunei    .      The 
sodiurr.  salt   was  made   by  suapending   1  gram  of  the   acid  in 
water,    and  titrating  with  pure   k/S  sodium  h^?- di'ox i de  .      The 
Solution  was  evaporated  to   dryness  and  the  salt    dried 
at    ICGo  -    110°. 

E^££eriment_l.-      30   cc.    of  ethyl  alcohol   con- 
taining; 0.100  gram   l-phenyl-2-ethylurazole,    20   cc.    ethereal 
diazome thane  solution  added.      Ten/n.    0°. 


Conc.diazo  sol.        7'ei~ht   of       fei^ht   of     Per   cent.    Per   cent. 
Vol.   N  Total  "^Product     I*-ester         Il-ester       0-ester 

0.0252  0.1QS5'  0.0965  90. S  9.4 


Experiment   2.-      18.-5   co.    of  ethyl  alcohol   oon- 
tainint:  0.100  gram  of  th-a  bodi\ii:.  salt  of   l-ph£nyl-*i.-sthyl- 
uraaole,    20   cc.    ethereal  diazcmcthane  solution  ad^iea,    and 
then   1  mol.   hydrochloric  aoia  in   1.7    o^,    alcohol.      Temp.    C°. 
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Cono.diazio  sol.        V.eight   cf       V;ei-ht   of     Psr   oexit .   Psr  oent. 
Vol.   'I  Totd  Product     N-ester  '.^-ester       0-ester 

0.0^6^  0.0491  0.0-ii30  91.3  8.:^ 


This   e::periiuent  seev-.a   to  prove  that    (1)   the 
acid  li-oerdteu  froL.  the   sodi'oi:  &c;.lt   has   the   son-.e   a^iuili- 
■briuii.  coriu.it ions   as   the  free   cici-j.,    or   (^)   that   it   ohtinges 
practically  instantaneoufily   into  this    condition  of 
scvuilibriun..      This    contrast  to  the   tehavior  of  the 
hoDologouB    l-phenyl-«i-nethylura2;ole    is    very  L.arked  for 
such  a  slight   difference   in   col/cos  ition. 

AJJCYLATIOi:   OF   l-PHEHYL-5-TIiIOLi.IETKYLURAZOLE, 

OP 
AV.L   l-PHEllYL-D-THIOLiiETHYLUPaVZOLE    LIBERATED 

A 

Fiioi:  ITS  coeiij:!  salt  v:ith  hydro gfilop.ic  acid, 

\YITH   DIAZOMETHAHE  . 
Experixient   l.~     20   cc.   of  ethyl  alcohol  con- 
taining 0.100  grain  l-vhsnyl-3-thioliV-ethylura^ole,    10    3o. 
ethereal  dia;:oLaethune  solution  audsd.     Ter.p.   0° . 

Conc.diaso  £ol.        rei-;ht   of        ^■ei;_;ht   of     Per   cent.    Per   cent. 
Vol.   ::  Total  Pro.'uot     Il-sutcr         :-eoter       0-eoter 

O.Oo-a-*  0.0^:^3  0,0147  S4.4  55.6 

E::rerii:.ent   d.-      18.4    ac.    of  ethyl  clcohol   con- 
taining 0.100  i^raiL  sou-i-uc:  salt   of    l-x;.henyl-5-thiolii.ethyl- 
uraaolej    10   oc.   ethereal  .uiazonethane   uudeu.,    and  1  iiiol. 
hyv.rochioric  aciu.  in   l.G    jc.    alcohol.      Ter/.r..    0° . 

Gono.dia^o  sol.        T.ei-ht  of       V.'eight   of     Per  cent.   Per  cent. 
Vol.   :i  Toti.l^Produot      --y-oster  I'^-ester       0-ester 

e.05<^4  O.OaoG  0.0138  64.3  35.4 
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3r:-:perir..3nt    '^.-      C.ICG  ^rajL.   l-phenyl-S-thiol- 

li.etliyl-'arui.ole    In  Golid  fori..,    tres.teu  V'.'ith  3  i..ols  .   etlisraul 

aii3.:ii0i.:3t]iane   solution.      Te:..;^; .    «vO°  . 

Weiiiht   of  TJai-ht   of         Per   oent .        Per   cent. 

Total  Prouuot  :T-3stQr  H-ester  0-ester 

0.09SS  0.03S5  69.8  50.^ 

Til  is    change    of   rcitio   froni  the    S4.4-^j  -T-ester   in 

the    oo)l  aioohol-ether  to   the    39.8/   }I-e3ter   in  the   sthere&l 

loolution  is    •:rcbo.bly   u.ue   to  the   infiuenoe   of  the    ohciniie   of 

6olYsnt,    C-.S   was   fouuu  by  ITirdlinger  when  he  v^orkea  v.'ith 

l-X^hsnyl-i-riiCthylura-iole   in  water,   rr.ethyl  alcohol,    ethyl 

alcohol,   iioetone,    chlorofon:-.,    lijroin,    etc.,    ^^n,i     as  viras 

four.u.  by  myself   iii  v.'or-i  on   l-phenyl-4r-i::ethylura:iOle    ae- 

scribea  further  Oii   in  this    article. 

ALICYLATIOKS  OY    l-PHElTYL-4-METHYLUPJi.SOLli 

VI TH   CIASOMETKAIIE . 

E>;per indent    1.-     «;0   oo.    oZ  ethyl  alcohol   con- 

tainin^i  0.100  *^rai..  of   l-phenyl-4-ttethylurazole,    and  30   cc. 

of  ethereal    aiazot.ethane  solution  aclv.ea.      Ter.p.    0°. 

Conc.>.'.ia;6u  sol.        V.'ei^ht   of        ITeij.ht    of     Per   cent.    Per   cent. 
Vol.   Iv  Tot--tl  Product     T-ester         F-ester       0-ester 

0.0174  0.C717  0.0413  57.3  43.4 

0.0174  0.0717  0.04*i6  59.4  40.6 

E:a:perii-;ent    ^ .-     20   cc.    of  ethyl  alcohol   con- 

tainiUj^  0.100  grai..   of    l-phenyl-4-ri:ethylura;iole,    and  <c;C   cc. 

ethersu-l   diaiioi^^sthune   solution  aaus.*.      Te:..p.    0°. 

Gcnc.diaso  sol.        height   of       v:ei:ht   of     Per  cent.   Per   cent. 
Vol.   .":  Total  Product     N-ester         N-ester       0-ester 


O.Oiooii 

O.OSIO 

0.0450 

53.1 

43. S 

0.0ii32 

0.0443 

0.0344 

55.0 

45.0 
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Eiiperiii.ent   5.-     20   go.    of  ethyl  alcoliol   con- 

■tainii.^  C.IOG  i,rau  of  l-i;heriyl_4-n.e  ohyluraiiole,    and  ^0   cc. 

of  sthsreal   aiazoiriethans   solution  Usau^q^x.      Te:..p.   -70°. 

Gono.aiai.0  £ol.        Weight   of       Weii^ht   of     Per   oont.   Per   oent. 
Vol.   1.  Total  Product     Il-sster         LT-ester       0-e!3ter 

0.0^6^  0.0764  0.0514  67.1  33.9 

ALXYI*ATIOi:S   OF   l-PHE:;YL-'i-:.iETHyLUi:iA.ZOIiE, 

LIBERATEE  FROi:   THE   SOriU:-!   SALT   Y^  nil   ALCOnOLIG 

IIYlirvO CHLORIC  ACID,    TITH   DIAZOIIETHAHE  . 

E:v-perijQient    1.-      IS. 3    oo.    of  ethyl  alcohol   con- 

tainiriij,  0.100  ^x^^^  of  the  sodiui.  salt    of    1- phenyl- 4-n:s thy  1- 

ura^olc,   cO    cc.    ethereal   diazouethane  solution  aaae^i,    and 

then   1  mol.    hydrochloric  acid  in   1.7    cc.    alcohol.      Te:..p.    0''. 

Gono.dici^io  sol.        V:ei~ht   of       Y."ei^htcf  Per   cent.    Per   cent. 
Vol.   K  Total  Product    li-ester     F-ester       O-ester 

0.0174  0.04o8  O.Co7C        61.6  38.4 

0.0174  0. 02:^6  0.01S8        31.0  38.0 

E:xperin.ent   d.-      16.-3    cc.    of  ethyl  ulcohcl   con- 
taininji,  0.100  grac;  of  the  Go^^iuii.  suit   of   l-phenyL-4-insthyl- 
arazole,   20   cc.   ethereal  diazor.ethane  solution  added,    ana 
then  1  r.:ol.    hyarochloric  acid  in   1.7    cc.    alcohol.    Tei;.p.   -70° 

Gonc.'diazo  sol.        Weight  of       Tfeight   of     Per   cent.   Per  cent. 
Vol.    :'  Total  Product     M-estsr         '"-SL-ter       0-oster 

0.G2o<i  0.0535  0.0352  36.1  55. S 

0.0252  0.0495      0.0322       65.0      35.0 
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ALiaUiTIOITS   OP    l-PHENYL-4-ML'THYLUPJ'j.SOLE 

V;iTH   DIAZOETHAKE . 

E:-:-::eriEierit    1.-      *iO   oo.    cf  ethyl  alooiiol   Gon- 

tainiiiji  0.100  gram  of   l-phenyl-3-Ksthylura2ole,    ana 

30   00.   ethereal  diazomethane  added.      Teir.p.   0°. 

Conc.diaao  boI.        Weight    of        V/eight   of      Per   oent.    Per   cent, 
Vol.   II  Total  Prouuot      r-eoter  "'-Ootsr        O-ecter 


0.0352 

0.1021 

0.C817 

74. S 

35.3 

0 .0363 

0.1103 

0.0841 

76.5 

23.7 

ALrlYLATIOlTS   OF    l-?HElTYL-4:-irETHYLUPJiZ0IiE, 

LIBLP^TilD  FROM   ITS   SODIUI,!  GALT  BY  ALCOHOLIC 

HYDROCi-ILORIC  ACIC,    BY   DI AZOE THANE  . 

E.^perii;.8nt    1.-     18.3    oc.   of  ethyl  alcohol  oon- 

taining  C.IOO   rram  sodiuiu  salt   of   l-phsnyl-4-r:ethylurazole , 

iiO   00.   ethereal  diazoethane   yolution  addeu.,    and  then  1  i..ol. 

hyurochloric  aoid  in   1.7    co.    aloohol.      Tei^p.    C. 

Gono.aiaao  sol.        Weight   of        Weight   of      Per   cent.    Per   cent. 
Vol.   II  Total  Product     il-eoter         K-ester       O-estsr 


0.0263                        0.0517 

0.0450 

73. S               37.1 

0.026^                        0.0587 

0.0^*58 

74.5               35.4 

Experiment    3.- 

30   CO.    of   eth3^1 

alcohol   con- 

taining  0.100  gram  of    l-phenyl-4-rr;ethylurazolo    and  0.5345 

gram  sodium  salt    (5  i::ols.),    an,^  30   cc.   ethereal   dia2i0i.-e thane 

Solution  adu.ed.      TeL.p  .   0'^. 

Gor.o.^ia^o  sol.        Feight   of        Weight   of     Per   cent.    Per   cent. 
Vol.   K  Total  Product     U-ester         I'l-oster       0-ester 

0.0383  O.OSOO      0.0655       74.1      35.9 
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AL^vYMTIOlJ   OF   THE   SILVER  SALT    OF    l-PKENYU^-METHYLURAZOLiu . 

As    in  all  the   previous   alkylations   of  the  silver 
salts   of   tautoL.eric  suiostanoes    the   silver   siilt   hua  been 
ouspenaeu  in  the   solvent    ,    these   ei:peri:i:ents   were    ci^rrieu. 
out   to  i^et  soiv.e    oata  on  the    ratio  of  Il-esterrO-ester 
v/hen  the  silver  s^lt  v/as   use  a  in  solution.      The  sniail 
Solubility  of  the   latter,    its  slow  reactivity  with  all 
alkylating  reagents   trieu,    the    coating  of  ^unchanged  sub- 
Stance  with  silver   ioliae  •i?;hen_^alkyl  halioe  was    ^usej., 
ana  the   rapid  hydrolysis    of  the   alkylating  agent   v«hen 
water-ulcohol  was   used  as   solvent,   n-iade   this   a  soi.ewhat 
ci-ifficult   task.      The   (quantity  of  solvent  v/hich  coula   oe 
en:ployea.  was   lii:.itea  by  the   fact   that   the   extraction 
funnels   hslu.  only  about    60   cc,    ana  extraction  of   the 
esters  froiL  a  i^izture   of  alcohol  anu.  water  containing 
ii;ore   than  GOp  alcohol  was  practically.''  in.possible  .     Even 
with  50j^\^alcohol,   emulsions   fonuea  which  were  hard  to 
break,    anu  about  seven  or  eight  eirtractions  were   necessary, 
even  v7hen,,,using  ii.ore   chloroforr..  in  each  extraction  than 
\jSual. 

A  large  nun  be  r  of  experiments   were    carried  out 
with  methyl  anu  ethyl  ioaides,    di-xnethyl  sulphate,    and 
uethyl  nitrate  uiiaer  varying   conditions    of  solution  and 
temperatiire  .      Inmost   of  these,   however,    not   enough  esters 
•were   obtainea  for  anal^/sis,    the   i^uantit^'-  being  in  some 
cases    less   than  2,  milligrams.      The    concentration  of 
alk3''latin^  agent   v/as    also   variea  from.  3   or  i   to  50  or  40 
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LiOlB  .      With,  n.ethyl  ioaiue,    oy   ooi,.bining  the   esters    ob- 
tciinea  froci  two   or  i.iore   experi '.ents,    enough  was   obtiained 
for  hycjrolysis.      Tht.t   the   pre oipita.te a  silver   iooidfi    clid 
not    contain  any  absorbed  ester  was   shown  by  ^-rinding  up 
the   tube   an^  filter  parsr  usea,   boiling  then,  '//ith  alcohol, 
lilterin^i  and  eiitracting  the  soliition  v;ith   chlorofori^. 

The  silver  salts   of    l-phenyl-4-niethylurai.ole 
ana  l-phenyl-S-thiolL-ethylura^sole  v.'ere  triea,    but   did  not 
prove   iiS   satisfactory'-  c^   the   salt   of   l^phenyl-i^-K^ethyl- 
urazole   or.  account   of  their   lesser  solubixity. 

E:cperiL.ent    1.-     40   oo.    of   dOjjl)^  alcohol   con- 
tainin^i  0.080  graru  of  the   silver  salt   of   1- phenyl- 3-r.-.eth3^  1- 
urazole  treated  with  0.5   cc.   methyl   iouide   and  allov;ed  to 
stand  at    roon^.  teiiperature   for  48   hours. 

E:cperir..ent ,    sar.e    as    above,    ana  esters  froci  the 

two   coi-.bined. 

I'eight   of  height   of  Per   cent.      Per   cent. 

Total  Product  Il-ester  r'-sster         0-cster 

0.0ii28  C.C116  50.8  4S .  1 

Experiiiient    £.-      Saturate u.  solution  of  the 
silver  salt   of  l-phenyl-;0-Eethylurazole    in  50   cc.    of 
SO^li' ethyl  alcohol  and  e:c cess   iv.ethyl   ioaids    (1   cc.)    allowed 
to  stana  at   rooin  temperature   for  48  hours. 

Three  n;ore  exper indents   sin.ilar  to  above 

carried  out   ana  esters  f roii.  the   four   coiLbinea  ana 

hyuTolyiiea. 

Weight   of  Weight   of         Per  cent.        Per   cent. 

Total  Product  I'-sster  ::-ester  O-ester 

0.0k;73  0.01S5  45.8  44.;;) 

These   expeririients    are   very   ir..portant   because 
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they  ^iva  us  for  the   first  time  the  -proof  that,    in  a. 
hetero^^eneous   or  hotiOgeneous   ndxture,   the   siivar  salt 
yielue   practioaliy  the    sax.>e    ratio   of  esters.      How  the 
silver  anu  ziao  salts   yiela  the  sar.e    ratio  of  esters    oo- 
tained  froi..  the  sooiun.  salt   when  first   treated  with  a 
mineral  acid  ana  then  with   diazorce thane,    this    being 
evidence   that   the    ratio   of  the    ions    (and  of  r^ols.)    is 
approximately  the  6an.e  for  all  salts.      This   being  the 
case   we  must    look  to  the   possibility  of    differences   in 
the   velocities   of  the   reactions   of  the   ionic  and  molecular 
fom.s   of  the    different  salts  with  alkyl  haliaes   to  ac- 
count  for  the    aifferent    ratios    of   ::-e£ter  ana  0-ester  ob- 
t^inea  from  these    different   salts.      This    Q.uestion  is   now 
being  stuuieu  e::perii..entally . 

THE 

ALin-LATIONS   OF^SODIIII   SALT    OF   l-PHEIIY}^ 

a-METHYLUEAZOLTJ   f.lTd  LIETHYL  I-IITKATE . 

The  methyl  nitrate  v;as   prepared  from  a  mixture 
of  sulijhurio  ana  nitric  acid?    and  methyl  alcohol  by  the 
methou  of   lelephine.        It   was    washed  tv;ic3  with  water,    in 
which  it   is    appreciably  soluble,   then  with  a   dilute   sol- 
ution of  sos^um   carbonate;    it   was   then  driea  with   calciiam 
chloride.      When   aistilled  it   boiled  at   S5?  -   35.40. 

V^iile  the  methyl  nitrate  was   found  to  be  un- 
satisfactory for   the    alkylation  of   the   silver   salt,    it 
was   thought    desirable   to  measure   the   velocity  of   its 
reaction  with  the   sodiuL.  salt   of  the    l-phen^'-l-i-methyl- 
uraiiole,    ana  the    ratio   of  the    amounts    of   isomeric  esters 
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found,    and  to   compare   tlieae    results    with  those    ootained 
vi'ith  uethyl  io'oide. 

0.'6  V:t .    N.   Scdiuiii  Salt   of  Phenyl-ki-Lietliyl- 

urazole    and  C.3   Vol.   N.   diethyl  llitrate    at   60°.      f^olvent 

^C*,^ettlyl  alcohol. 

Total        Per   cent  .  AK'  AK" 

t  (hours)  A       Product       ll-ester       AK.        IT-ester     0-sster 

1.  G.3C7      CCl^o  — ^-        C.0393     v 

5.5  0.S07      0.04*^5  £8.3        C.0416 

^3.  0.507      0.1559  SS.l        0.0401 

The    constant   for  the   velocity  of  the    reaction 
of  r.:ethyl  ioaiue   and  the  soai;ii:.  salt  laider  the   sate 
conditions    is    1.8.     L'eth^'-l  iodide,    therefore,    reactsw-vi^ti'v^jA^ 
about   forty-five  tii:.eB    as   rapidly  as    does  methyl  nitrate. 
The   ratio  of  the   araounts   of  :i-ester  and  0-ester  obtained 
from  methyl  iodiae      is   87:5. 
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CONCLUSIONS. 

1.  l-plxenjj-l-^-L.ethylurazole,    1- phenyl- 3- e  thy  1- 
urci.:iole,    l-phenyl-'i-Liethylurazole ,    an^.  l-r-'honyl-^-thiol- 
Listhylurasole  hiive   besn  alkylated  v/ith  diazoc:e thane   and 
diazoethane   and  the   ratio  IC-ester:0-8ster  determined. 

2.  These  ura^jole   aciae   have  been  liberate^ 
froi..  their  soaiux;,    zinc  and  silver  salts  by  alooholic 
hydrochloric  acia,    or  alcohol,    in  the  presence   of    diazo- 
LzCthane   and  diazoethane   an.,  the   ratio  Il-esterrO-eeter 
was  K.easured.      T'.vo    aifferent    ratios    of  esters  have 
been  obtained  fror:.   l-phenyl-2-r;;ethylurazole,   the   re- 
sults  depending  on  whether  the  acid  is   alkylated  alone 

or   is   liberated  fron.  its  salt   ana  then  alkylated  at   once  . 
If  the    liberated  acid  is  allov/ea  to  undergo  tautor..eric 
or  other  changes   auring  15  seconds  and  is  then  alkylatea 
the    ratio  il-esterzO-ester  obtaineu.  is  the   same   as  that 
frorr.   the   acia  alone. 

3.  The   causes   which  2.:ight   produce  such 
differences    in  these   ratios  have   been  uiscussea. 

4.  The    l-phenyl-ii-riethylurazole    liberated 
froE.  the   soaiuA,    zino  or  silver  salt  under  the   sar-ie 
conditions  has  been  found  to   give  the   same   ratio  of  esters. 

5.  The   silver  salt    of  l-phenyL-ii-iiiethylurazole, 
vrhether  suspendea  or   dissolved,    and  :..ethyl  iodide   have 
been  fo-una  to  give   a  constant   ratio  of  esters. 

6.  The   velocity  constant    for  the   reaction  of 
methyl  nitrate   with  the  sodium  salt    of   l-phenyl-2-Kethyl- 
urazole  has  been  measured. 
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